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A. P. Calder\’on [8]
$\mathrm{D}\mathrm{i}\mathrm{r}\mathrm{i}\mathrm{c}\mathrm{h}\iota \mathrm{e}\mathrm{t}_{- \mathrm{t}}\mathrm{o}$-Neumann
\Omega \mbox{\boldmath $\gamma$} $\gamma$ \Omega , –
$f$
$u$





$f-j$ $\mathrm{D}\mathrm{i}\mathrm{r}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{l}\mathrm{e}\mathrm{t}_{-}\mathrm{t}_{0}$ euma A7 Calder\’on $\Lambda_{\gamma}$
\mbox{\boldmath $\gamma$} -- , \mbox{\boldmath $\gamma$} A7
,
\mbox{\boldmath $\gamma$} -- (1 ) :
$\gamma=1+h,$ $h\approx 0$ .
$\Lambda_{\gamma}\approx\Lambda_{1}+d\Lambda_{1}(h)$
\Lambda \mbox{\boldmath $\gamma$} $d\Lambda_{1}(h)$
, :h $-d\Lambda_{1}(h)$ ,
Calder\’on $h$ $d\Lambda_{1}(h)$
, , Banach
, \Lambda \mbox{\boldmath $\gamma$} $\gamma$
Typeset by $A_{\mathcal{M}^{\theta \mathrm{T}}\Phi^{\mathrm{C}}}$
1155 2000 60-72 60
Calder\’on $d\Lambda_{1}(h)$ $h$
(1.1) $\int_{\partial\Omega}\{dA_{1}(h)\}(v_{1}|_{\partial\Omega})v_{2}d\sigma=\int_{\Omega}h(x)\nabla v_{1}(x)\cdot\nabla v_{2}(x)dX$









$z_{1} \cdot z_{2}=-\frac{|k|^{2}}{2}$ ,
$Z_{1}\cdot z_{1}=\mathcal{Z}_{2}\cdot Z_{2}=0$
$v_{i}=e^{x\cdot z}:,$ $i=1,2$ (1.1)
$\int_{\partial\Omega}\{dA1(h)\}(v_{1}|\partial\Omega)v2d\sigma=-\frac{|k|^{2}}{2}\int_{\Omega}h(x)e^{-i}dx\cdot kx$
$h$ \Omega $0$ Fourier Fourier
$h$ Calder\’on Uhlmann $[33|$
Sylvester-Uhlmann [32] , Calder\’on $z\cdot z=0$ $z$
, $|z|arrow\infty$
, $\mathrm{A}_{\gamma}\text{ }\gamma \text{ }-\text{ }$
Nachman [26], [27] , $\gamma \text{ }\Lambda_{\gamma}$ Siltanen-
Mueller-Issacson [30] Nachman
\mbox{\boldmath $\gamma$} , \mbox{\boldmath $\gamma$}
$D$ $\Omega$ $D$
$h$ , $D$ $0$ D , $a\in\partial D$ $h(a)>0$
$a\in\partial D$ $h(a)<0$ D \mbox{\boldmath $\gamma$}=l+h
$d\Lambda_{1}(h)$ $\partial D$
$h$ ,













$t\in \mathbb{R}$ $e^{-2\tau t}$ :
(1.2) $e^{-2\tau t} \int_{\partial\Omega}\{d\Lambda_{1}(h)\}(v_{1}|\partial\Omega)v2d\sigma=2_{\mathcal{T}}2\int_{D}h(x)e-t)d2\tau(x\cdot\omega X$.
$d\Lambda_{1}(h)$
$e^{2\mathcal{T}()}x\cdot\omega-t$
,\tau \rightarrow \infty , $x\cdot\omega>t$ ( ) , $x\cdot\omega<t$ (
) $t>h_{D}(\omega)$ , (1.2) \tau \rightarrow \infty












$I_{\omega}( \tau, t)=e-2\tau t\int_{\partial\Omega}(\Lambda_{\gamma}-\Lambda_{1})(v1|_{\partial\Omega})v2d\sigma$ .





A\mbox{\boldmath $\gamma$} , $\Omega\backslash \overline{D}$ $D$ , -
Isakov [22] , [14] (the probe method) , $D$







$\mathrm{s}_{\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{r}}\mathrm{S}\mathrm{a}1_{0^{- \mathrm{C}\mathrm{h}\mathrm{y}\mathrm{o}\mathrm{n}}}\mathrm{e}\mathrm{n}\mathrm{e}-\mathrm{I}_{\mathrm{S}\mathrm{S}\mathrm{a}\mathrm{c}}\mathrm{S}[31]$ , –
Siltanen ,
1.1 ” ”












$I_{\omega}( \tau, t)=e^{-\tau t}\int_{\partial\Omega}\gamma\frac{\partial u}{\partial\nu}v-\frac{\partial v}{\partial\nu}ud\sigma$
$I_{\omega}(\tau, t)$ Al $(f)$
[18] , idea Friedman-Isakov [11]
,
\Omega 2 $\nu$ $\partial\Omega$
\mbox{\boldmath $\gamma$} \Omega $\Omega$
$D$ – $k,$ $D$ 1 $k\neq 1$
$\nabla\cdot\gamma\nabla u=0$ in $\Omega$
$(f, j)=(u|_{\partial} \Omega, \gamma\frac{\partial u}{\partial\nu}|\partial\Omega)$
$D$
(2.2) diam $D<\mathrm{d}\mathrm{i}\mathrm{s}(D, \partial\Omega)$
$D\mapsto(u|_{\partial\Omega,\gamma\frac{\partial u}{\partial\nu}}|\partial\Omega)$
– – (– ) Friedman-Isakov [11] Seo [29],
Alessandrini-Isakov [2] $j$ (2.2)
– 3 –
Friedman-Isakov [11], $\mathrm{B}\mathrm{a}\mathrm{r}\mathrm{c}\mathrm{e}1_{0}- \mathrm{F}\mathrm{a}\mathrm{b}\mathrm{e}\mathrm{S}-\mathrm{s}_{\mathrm{e}}\mathrm{o}[5]$ $\mathrm{S}\mathrm{e}\mathrm{o}[29]$
$(f1, j_{1}),$ $(f_{2},j_{2})$ –
– Kang-Seo [23], Kang-Seo
[24] Friedman-Isakov [11], Bellout-Friedman-
$\mathrm{I}\mathrm{s}\mathrm{a}\mathrm{k}\mathrm{o}\mathrm{V}[6]$




$f$ $D$ (2.2) { $x\in\partial D|x\cdot\omega=$ D $(\omega)$ }
– \mbox{\boldmath $\omega$}\in Sl
$[h_{D}(\omega),$ $\infty[=\{t\in \mathbb{R}|\lim_{\tauarrow\infty}I_{\omega}(\mathcal{T}, t)=0\}$ ,
$h_{D}( \omega)-t=\lim_{\tauarrow\infty}\frac{\log|I_{\omega}(\tau,t)|}{\tau},$ $\forall t\in \mathbb{R}$ .
64
, $\tauarrow\infty$ , $|I_{\omega}(\tau, t)|$ $t>h_{D}(\omega)$ ,
$t=h_{D}(\omega)$ , $t<h_{D}(\omega)$ $j$




3. Cherepanov-Rice ( )
2 \Omega ( ) \mbox{\boldmath $\sigma$} $P$ \Omega
$Q$ $\Omega$ ( 2. )
2.
$\mathrm{P}$
\Omega $j$ , \Omega $f$ $\Omega$
– , $\Omega$ $u$ ,
$\triangle u=0$ in $\Omega\backslash \overline{\sigma}$ ,
$u=f$ on $\partial\Omega$ ,
$\frac{\partial u}{\partial\nu}=\dot{\gamma}$ on $\partial\Omega$ ,
$\frac{\partial u}{\partial\nu}=0$ on $\sigma$
\nu \mbox{\boldmath $\sigma$}
idea idea ,
, $\sigma$ \theta \in Sl $l$ ( $f$,
\theta $l$
– $\theta$ \theta \perp $\det(\theta\theta^{\perp})>0$
$v=e^{\mathcal{T}x\cdot(},$$\tau\theta+i\theta^{\perp})>0$
$I_{\theta}( \prime \mathrm{r}, t)=e^{-\tau t}\int_{\partial\Omega}jv-\frac{\partial v}{\partial\nu}fd\sigma,$$t\in \mathbb{R}$
$(f, j)$ :









$l=$ \mbox{\boldmath $\sigma$} $(\theta)-P\cdot\theta$
,
$I_{\theta}(\tau, t)=e-\theta t)I\tau(h_{\sigma}()(_{\mathcal{T}}\theta, h_{\sigma}(\theta))$
Cherepanov-Rice
3.1.
(3.1) $\lim_{\tauarrow\infty}\tau|1/2I_{\theta}(\tau, h_{\sigma}(\theta))|=4\sqrt{\frac{2}{\pi}}\Gamma(1+\frac{1}{2})\sqrt{|J(f,j)|}$ .





















(3.3) $D$ $u,$ $v$
$J_{\partial D}(u, v)$
(34)




$u,$ $v$ $D$ $J_{\partial D}(u, v)=0$
. \theta $J_{\partial D}(u, V)\theta=0$
$\int_{\partial D}(\nabla u\cdot\nabla v)(\nu\cdot\theta)=\int_{D}\nabla\cdot\{(\nabla u\cdot\nabla v)\theta\}$
$= \int_{D}\nabla(\nabla u\cdot\nabla v)\cdot\theta$
$= \int_{D}\{(\nabla^{2}u)\nabla v+(\nabla^{2}v)\nabla u\}\cdot\theta$
67
$\int_{\}=\int_{D}v\cdot\theta}\partial D(\nabla u\nabla..\{\mathcal{U})(\nabla(\nabla v\cdot\theta)\nabla u+(\nabla u\theta)\nabla)+(\nabla v\cdot\nu).(\nabla u\cdot\theta)v$
$= \int_{D}\nabla(\nabla v\cdot\theta)\cdot\nabla u+\nabla(\nabla u\cdot\theta)\cdot\nabla v+(\nabla v\cdot\theta)\triangle u+(\nabla u\cdot\theta)\triangle v$
$= \int_{D}(\nabla^{2}v_{2})\theta\cdot\nabla u+(\nabla^{2}u=\int_{D}\{(\nabla v)\nabla u+(\nabla 2u)\nabla v\}\cdot\theta)\theta\cdot\nabla v$
(3.3) $P$ $Q$
$Q$ \epsilon C\epsilon --
$P$ $\partial\Omega$ – $P$




\mbox{\boldmath $\sigma$} \nu . $\theta=0,$ $\nabla u\cdot\nu=0$
(3.5) $J_{\partial\Omega}(u, u)\theta=J_{C_{\epsilon}}(u, u)\theta,$ $0<\forall\epsilon<\epsilon_{0}$
$\frac{\partial u}{\partial y_{1}}=-\nabla u\cdot\theta$
$\frac{\partial u}{\partial y_{2}}=-\nabla u\cdot\theta^{\perp}$ ,
$(_{\frac{}{\partial y_{2}}}^{\frac{\partial u}{\partial y_{1}\partial u}})=$




$= \cos\theta\frac{\partial u}{\partial y_{1}}+\sin\theta\frac{\partial u}{\partial y_{2}}$
$= \cos\theta(\cos\theta u_{r}-\frac{1}{r}\sin\theta u_{\theta})$
$+ \sin\theta(\sin\theta u_{r}+\frac{1}{r}\cos\theta u_{\theta})$
$=u_{r}$ ,
$(\nabla u\cdot\nu)(\nabla u\cdot\theta)=-u_{r^{\frac{\partial u}{\partial y_{1}}}}$
$=-u_{r}(\cos\theta u_{r\theta}-\mathrm{S}\mathrm{n}\theta u)\underline{1}$.
$r$
$=- \cos\theta u_{r}^{2}+\frac{1}{r}\sin\theta u_{r}u_{\theta}$
$\nu\cdot\theta=-\cos\theta$
$\frac{1}{2}|\nabla u|^{2}(\nu\cdot\theta)-(\nabla u\cdot\nu)(\nabla u\cdot\theta)$
(3.6) $=- \frac{1}{2}\cos\theta(u_{r}^{2}+\frac{1}{r^{2}}u_{\theta}^{2})+\cos\theta u_{r}^{2}-\frac{1}{r}\sin\theta uru\theta$










$\frac{1}{2}|\nabla u|^{2}(\nu\cdot\theta)-(\nabla u\cdot\nu)(\nabla u\cdot\theta)$






(3.3) $J(f, j)\neq 0$ $|\nabla u(x)|$ $Q$
3.1 ,
$(f, j)$ ,
, Cherepanov-Rice $(f, j)$
$J(f, j)\neq 0$ , $j$ , 2.1
( ), $m\geq 1$ (3.2) \alpha 2m $\neq 0$
$m$ , $0$ $A$
$\lim_{\tauarrow\infty}\tau\frac{2m-1}{2}|I\theta(\tau, h\sigma(\theta))|=A$
, 3.1




Andrieux-Abda [3] , , $(f,j)$
([3, Proposition 1.8])
, Aparicio-Pidcock [4]
, – $(f, j)$
– ,





\mbox{\boldmath $\sigma$} $\Omega$ –
\Omega $j$ \Omega $f$ \Omega \\mbox{\boldmath $\sigma$}
$u$ \Omega Cauchy data $(f,j)$ $u$ \Omega \\mbox{\boldmath $\sigma$}
, $\sigma$
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